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究精确重建了 40 m 高空间分辨率的声速、温度分布和流场。 
在理论研究的工作上更进一步，研发了河口海岸区域的 15 kHz 高频声层析








































Acoustical techniques play an important role at marine environmental 
observations. High frequency Estuary Acoustic Tomography (EAT) provides an 
effective acoustical way for shallow water temperature, salinity, sound speed 
distribution and current field observations in estuaries and bays. In recent years, the 
applications of ocean acoustic tomography at coastal and marginal sea in the 
Asian-Pacific areas have received much attention. Most of the previous studies 
focused on middle frequency acoustic tomography observations at about 10 kilometer 
scale. However, there is little progress about high frequency acoustic tomography at 
coastal estuary areas. In this thesis, various topics about high frequency EAT, such as 
the theoretical study, computer simulation, instrument development, and field 
experiment, were all studied. 
First, the reciprocal transmission model at coastal estuary areas was introduced. 
Next, a grid based high spatial resolution reciprocal transmission inversion method in 
coastal estuary was proposed. Based on the surface temperature data obtained from 
remote sensing and the current field data from regional ocean model, theoretical 
studies of high spatial resolution EAT were employed to inverse two-dimensional 
temperature distribution and current field of the study sea area at Jiulong River 
estuary of Xiamen. The effects of acoustic stations number and travel-time 
measurement error to inversion accuracy were also discussed. The results showed that 
the grid based method can reconstruct the sound speed and temperature distribution 
and current field at 40 m spatial resolution with high accuracy. 
Furthermore, a high frequency (15 kHz) EAT observation instrument was also 
developed. Based on the National Instrument data acquisition card and LabVIEW 
programming, this EAT observation instrument synchronized using GPS hardware 
timing method and at the accuracy of several microseconds. Thus the acoustical 
transmission time was measured very accurately. 
At last, a field experiment of high frequency acoustic tomography at Lujiang 
















transmission time was measured, and thus obtained the sound speed and the current 
velocity variance. This measurement result of tidal velocity also matched some 
previous results from field observations and modal studies. The length of PN code and 
its impacts on the Signal to Noise Ratio and current measurement accuracy were also 
discussed. 
In this thesis, the theoretical and experimental studies reflected that the high 
frequency EAT provides an effective way on high spatial resolution temperature, 
current, and other environmental parameters’ observations at coastal estuary areas. 
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Key Words：Estuary acoustic tomography; high frequency acoustic tomography; high 
spatial resolution acoustic tomography; high frequency acoustic tomography 













































































































义，急需开展大尺度的全球气候声学测温。受此影响，20 世纪 70 年代萌发了海
洋声层析的研究工作。1976 年 Worcester 在美国加州圣地亚哥西南海域利用 2250 
Hz 的宽频声源进行了 25 km 互易声传输实验，并于 1977 年确认了用声传播测海
流的可行性[7]。同年，Munk 和 Worcester 提出了“用声学的方法监测海洋”的构
想，并建立了第一个声层析研究小组。“海洋声层析技术”的名称由 Munk 和
Wunsch 在 1979 年正式提出[8]。此后，海洋声层析技术快速发展，开展了一系列
具有重要影响的实验。 
20 世纪 70 年代至 90 年代，主要围绕中尺度现象的海洋声层析观测和大尺
度气候声学测温展开实验观测和理论研究。在海洋中尺度现象观测方面，1981
在百慕大海域实施了三维海洋声层析实验 [9]，1991 年 AMODE（Acoustic 
Mid-Ocean Dynamics Experiment）实验进行了走航式的移动船层析，得到更多的
声线路径[10]。1997 年日本的 JAMSTEC 在黑潮延续体区域的实验揭示了黑潮弯
曲以及尺度超过 200 千米的中尺度涡[11]。Lebedev 在 2003 年综合了以上数据和
卫星、现场观测数据，采用 5 个收发系统重构了中尺度涡[12]。在海流、潮流、
涡度测量方面，1976 年在美国加州，1983 年在佛罗里达等地分别进行了实验。




意图。57 Hz 由 M 序列调制的声波向东在美国西海岸，向西在百慕大被接收到，














Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
